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GENERAL INTRODUCTION 
 
In nature, insect herbivores and plants are involved in complex biochemical 
and ecological interaction networks (Fürstenberg-Hägg et al., 2013).  In the course 
of evolution, plants developed a diverse array of chemical defenses in order to 
protect themselves from herbivores (Berenbaum, 1995; Fürstenberg-Hägg et al., 
2013; Schoonhoven et al., 2005).  Many secondary metabolites of plants are known 
to work as feeding deterrents, growth inhibitors, or toxins against insects 
(Fürstenberg-Hägg et al., 2013; Hartmann, 2004; Howe and Jander, 2008).  To 
overcome these defenses, herbivorous insects have evolved countermeasures such 
as modified feeding behavior, physiology, and metabolism (Després et al., 2007; 
Pentzold et al., 2014).  These reciprocal processes between insect herbivores and 
their hosts are considered to have driven coevolution (Ehrlich and Raven, 1964). 
Cyclic hydroxamic acids (cHx) are known as secondary metabolites in several 
Poaceae plants such as maize and wheat (Cambier et al., 1999; Hofman and 
Hofmanová, 1969; Niemeyer, 1988; Tipton et al., 1967).  cHx are biosynthesized 
during the first 10 days after seed germination and then decrease as plant ages, and 
thus the concentration of cHx is highest in youngest leaf tissue (Cambier et al., 
2000).  The main cHx in maize is 2,4-dihydroxy-7-methoxy-1,4-benzoxazin-3-one 
(DIMBOA), which is stored in plant tissues as non-toxic glucoside (Cambier et al., 
1999; Hofman and Hofmanová, 1969).  Upon disruption of tissues, DIMBOA and 
other aglucones are released by the action of plant β-glucosidase (Niemeyer, 1988; 
Woodward et al., 1978). 
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DIMBOA is known to work as feeding deterrent and growth inhibitor against 
many insects.  This compound has been reported to decrease the growth, 
development, and the survival rate of various insects, such as the European corn 
borer Ostrinia nubilalis (Hübner) (Campos et al., 1989; Feng et al., 1992), Asian 
corn borer Ostrinia furnacalis (Guenée) (Yan et al. 1999), corn stalk borer Sesamia 
nonagrioides (Lefebvre) (Ortego et al. 1998), and the bird cherry-oat aphid 
Rhopalosiphum padi (Linnaeus) (Mukanganyama et al., 2003).  In addition, this 
allelochemical has been demonstrated to influence the activities of various enzymes, 
for instance, nervous system enzymes, digestive proteases, and detoxification 
enzymes of insects (Mukanganyama et al., 2003; Ortego et al., 1998; Yan et al., 
1995).  DIMBOA inhibits the activities of carboxypeptidases, aminopeptidases, 
glutathione S-transferase and esterases in S. nonagrioides (Ortego et al., 1998) and 
R. padi (Mukanganyama et al., 2003).  Besides that, this compound has been shown 
to inhibit the activities of acetylcholinesterase and general esterase of O. furnacalis 
larvae (Yan et al., 1995). 
Many herbivores have developed physiological and metabolic adaptations to 
overcome toxins in the host plants (Després et al., 2007; Pentzold et al., 2014).  
Detoxification enzymes such as cytochrome P450 monooxygenases, glutathione S-
transferases, and UDP-glucosyltransferases (UGTs) play important roles in these 
adaptations (Ahmad and Hopkins, 1993a; Després et al., 2007; Pentzold et al., 
2014).  Insect UGTs catalyze glucosylation of small lipophilic compounds by using 
UDP-glucose as the main donor of glucose (Ahmad and Hopkins, 1993b, 1992; 
Ahn et al., 2012).  Many UGT genes have been found in a single insect species, and 
form a large multiple gene family (Ahn et al., 2012).  UGTs have been suggested 
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to play an important role in detoxification of DIMBOA in several lepidopteran 
species, such as Spodoptera littoralis (Boisduval), Spodoptera frugiperda (Smith), 
and Mythimna separate (Walker) (Maag et al., 2014; Sasai et al., 2009; Wouters et 
al., 2014).  Interestingly, DIMBOA-glucoside found in the frass of insects was an 
epimer of plant DIMBOA-glucoside, indicating the occurrence of stereoselective 
reglucosylation of DIMBOA in herbivorous insects (Wouters et al., 2014). 
In addition to detoxification of toxic compounds by enzymatic activities, 
alkalinity in the gut lumen of lepidopteran insects has been shown to inhibit the 
activities of ingested plant β-glucosidase, hence contributing to the reduction of 
toxic aglucones (Pentzold et al., 2014).  Larvae of some insect species have highly 
alkaline pH conditions in the midgut lumen, which may inhibit plant β-glucosidases 
and prevent activation of ingested defense compounds.  A direct link between an 
alkaline midgut and reduced plant β-glucosidases activity towards benzoxazinoid 
glucosides was reported in the generalist fall armyworm S. frugiperda (Pentzold et 
al., 2014).  The larval midgut lumen with a pH of 10 was shown to reduce plant β-
glucosidases activity by more than 80%, which strongly reduced the release of toxic 
aglucones (review by Pentzold et al., 2014).  Insect herbivores with an alkaline 
midgut may have been pre-adapted to feed on plants protected by allelochemicals.  
Thus, both detoxification enzymes and alkalinity of gut lumen are considered to be 
the measures to counter plant chemical defenses. 
The Asian corn borer Ostrinia furnacalis (Guenée) (Lepidoptera: Crambidae) 
is an important pest of maize in the Asia (Ishikawa et al., 1999; Mutuura and 
Munroe, 1970).  Although nine Ostrinia species are reported to inhabit Japan, O. 
furnacalis is the only Ostrinia species in Japan that feeds on maize (Ishikawa et al., 
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1999; Mutuura and Munroe, 1970).  Among the sympatric congeners, the adzuki 
bean borer Ostrinia scapulalis (Walker) is particularly interesting in terms of host 
plant usage, because this species, despite very polyphagous, does not utilize maize 
as a host (Ishikawa et al., 1999).  Comparison of the two congeners, O. furnacalis 
and O. scapulalis, may shed light on the mechanisms of the differentiation of host 
plant usage, sympatric speciation that may have occurred after this differentiation, 
and many other aspects of evolutionary biology.   
In the previous study (Kojima et al., 2010), O. furnacalis was shown to be 
better adapted to maize chemical defense than the congener adzuki bean borer O. 
scapulalis.  The homogenate of digestive tract of O. furnacalis degraded cHx more 
rapidly than the O. scapulalis counterpart.  The degradation of cHx by O. furnacalis 
was considered to involve UGT; however, the glucosylation product of cHx was 
not detected in the previous study (Kojima et al., 2010).  The objectives of my 
research are to clarify the genetic background (inheritance) of the tolerance of the 
Asian corn borer Ostrinia furnacalis to cyclic hydroxamic acids (cHx), evaluation 
of the contribution of UDP-glucosyltransferase (UGT) to the detoxification of cHx, 
cloning of genes encoding UGT from O. furnacalis, and to perform functional 
assays of these genes. 
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CHAPTER 1: 
COMPARISON OF THE ABILITY TO CATABOLIZE DIMBOA,  
A MAIZE ANTIBIOTIC, BETWEEN Ostrinia furnacalis AND Ostrinia 
scapulalis, WITH REFERENCE TO THEIR HYBRIDS 
 
“As the contents of this chapter (page 5) are anticipated to be published in a paper in 
a scholarly journal, they cannot be published online. The paper is scheduled to be 
published within 5 years.” 
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CHAPTER 2: 
MOLECULAR CLONING OF A CANDIDATE UGT GENE INVOLVED IN 
DIMBOA CATABOLISM 
“As the contents of this chapter (page 29) are anticipated to be published in a paper in 
a scholarly journal, they cannot be published online. The paper is scheduled to be 
published within 5 years.” 
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APPENDIX.  Amino acid sequences used for construction of the phylogenetic tree 
of Ostrinia zaguliaevi UGTs (comp15776–comp38172) and representative 
lepidopteran UGTs retrieved from public databases (UGT33D1–UGT340C1, 
*Numbers in parentheses indicate GenBank Accession Numbers). 
 
>comp15776 
    1 MQSSTILVLI SMILMNSVNC ARILGIFPMP SRSHQIVFQS YTKELAKRGH 
   51 ELVVVSPDPF PPDTRPENLT DIDVSFSYQV MKNLFTANLL DLKQGVIMDI 
  101 DAIIAGNLYE KIVYAYVDQM NHPPVRKLIN DKNQRFDLVV VEGFLDYHLM 
  151 FTEIFKAPVI MFPSFMGFAE QYEMLGGIGR HPILYPHLHR NKFDDLNLFE 
  201 WAKELYYEYR MYAMFERLEH KQNELLKENF GANAPTVNEL RENIDLLLLN 
  251 SYADFANNRP VPPNIIYLGA VQLQPVKEIP KDLKDYLDGS SRGVIYVSFG 
  301 SNIMPSRMSK ELLGAILEAF EKLPYDILWK FDGDNLENVP KNVKYMKWFP 
  351 QRDLLFHPNI KAFVTQCGLQ STDEAIDAAV PLVGIPMMAE QAYNAKKYKD 
  401 FGIGVKLDPM ALTADDFVNG VNTVVEDISY KNNILRLKKI HQDQPQSPLE 
  451 RAVWWTEYVI RHSGSRHMRS PAANMPWHKY YMLDILLPLL GLFITVLIVV 
  501 ATLLRFVFNI IGVFGGKEKV KQK 
 
>comp16953 
    1 MLWYCMGVIF LSICSECANI LYVVPFTSKS HYIMLKPIGL ELAKRGHNVT 
   51 VITGHKTDVN LTNYHQVMVD DKEIWELTGM KRPNVFTMVN ISAEEFHDII 
  101 LWRGGLGHTE VTLQSPQVKH FLANDNKFDL VISEQFFQEA MFTLAHKYNA 
  151 PLVLITTYGN CMRHNIVSRN PLQLATVVSE FLDVKDPTSF WGRLRNLYFT 
  201 VYEYVWWKYW YLEKQEEFVR KYLLNLPQPV PSLYELQKNA ALILINSHFS 
  251 FDGPVAYLPN IVEVGGLHLT RSTSKLPQDL QKLLDESKHG VVYVNFGSNV 
  301 RSSEMPPEKK LAFVKIFSEL KQTVFWKWED DNFDIETNNV VIRKWFPQKD 
  351 VLSHPNVKVF ISHGGLIGTQ EAIFHGVPII GVPIYADQYN NLLQAQKLGF 
  401 GKILQYRDIN EDTIRKNLHE VLKDDSYKNK AQEMSKRFKD RPMPALDTAM 
  451 YWIEYVIRNK GADFIKNPAH ELSWFANNML DVFAFLLLSF IVSAYVVFIV 
  501 VRALIIIAQS SSTNKSKKIK TK 
 
>comp26748 
    1 MAQNIALVFY FVAAIYTTTS YRILGIFPSL DRNNYLTYKS LFFELANRNH 
   51 DVTLVSHFSQ PDAPATYKEV LLSENQLVYK GLSYESVIVN EVSRVPFETL 
  101 VATKAGNDDC KTLMNNHYVL HMIRTRPRFD VIVVESYNSD CALALAANLS 
  151 APYIAFSPQP IQPWQYNRLG IGFNSAYVTQ AGLPYGKEPW FFDRLKSYVL 
  201 YHVTNWVYYV GSQVTDHVYL YKYLGDSLPS LESIASNASL MFVNTHPSIF 
  251 GGVARPDNVI DIGGIHVRPP KVIPTEIERF INEAEHGVIY VNLGSTVKDS 
  301 TLPKDKLQEM LSAFSKLPLR VLWKWDGGSL ELPRNVMTMR WFPQYDILKH 
  351 DNVKVFISHT GILSTIEAVD AGIPVVAIPL FGDQYGNAAV LQDAGIASIV 
  401 SYQDLKKNYL LDAINEVLDP TFQQRAKQVS RIWHDRTISP LENAIYWTEY 
  451 VARYRGAPNL RTPSADLPLY QQLQLDVLAF IALVLYILCY VFYKILSVLC 
  501 CCCCQNEQEI QTSSEERRSK RVKFE 
 
>comp27021 (5’partial) 
    1 QAARLLVVLP TNTRSHYAMY GRLVEALARK NHHLTVISHF PMKIRPPNVE 
   51 EISLAGTIPD IYNNLTEQHY SLKPDFVHNL EQIMAECVHA CDMVSRMPAV 
  101 KALLNSTVTY DLVIVEVFGT ECFLPLGERF KAPVVGLLSS VPLPWFNEQL 
  151 GNPEATAYVP AYMTGFGQHM NLIERLSNTI SVLWAKILYR YKSQIPSQAI 
  201 ADRLFGYGTK LDKLAQNYSL VLSNSHFTIN EVRPLVPALV EVGGLHLDES 
  251 QKLSGELKTL LDASTDGIIY WSFGSMSKIE TIPSEKLAQI FAVISELSQT 
  301 VLVKMNRMRL STNLTVPDNI YTMDWIPQYA TLCHPNVKVF ISHGGLLGTQ 
  351 EAVACGVPML TVPLYADQAL NARAMADRGV SKTITLKNTN KHTWKQALHE 
  401 LLTDARYKDN MLKLRNVFLD RPMPPLDTGI YWIEYVLRHK GAPHLRSPAL 
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  451 DLSVVQYLLL DVVVLSIAIA ITTIYILHIL FRYLCTRCIK WWPKEKRVFE 
  501 KRLFRNFSVF LCLLWRYKAK AN 
 
>comp32482 
    1 MAKAQIILCV LGVICCADAY KILVVFPFPI RSLNNLGEGY VRHLLKAGHE 
   51 VTFITAFPLK NEKNEKLRQI DISSNQQLMV SGDTTFSIKS VMDGQIPMND 
  101 VKMMQEFGLY SSIMMFEHEN VKKFLEDPSQ QFDAVIVDLY ETEIYSGLSA 
  151 LYNCPMIWSY SMGAHWLVLR LIDEPTNPAY SADYLSSNVL PFTFKQRLEE 
  201 LWAQILWTWT KWTSTMPKEK EAFAKYFKPL LEKGGRTSPD YDQLIYNASL 
  251 IFGNEHHAFG NIPRTPQNFK FIGGFHIETP AKPLPKDLQT LMDDSKDGVI 
  301 YFSMGSAWNS KDLPESVVDG LVKMFGELKQ TVIWKFEADL PNLPKNLHIT 
  351 KWAPQPSILA HPNCLFFITH GGHLSSTEAI HFGVPIIGVP IFFDQFININ 
  401 KALSKGYALK VNLNYDLPRN LKAAIQTMLS DSKYRKQAEE LSAIYHHRPV 
  451 PPGQEMVHWV THVIRTGGAP HLRSPALNMA FYQKMYLDFA ALVAAVVVAV 
  501 VLVVKKLCGG RKAGMKEKKN 
 
>comp33154 
    1 MSTPMLTALL LLLFASQAWS YNVLCIFPTP SKSHNHLGKG IVDALLDAGH 
   51 QVTWGTPFPS KTLNNNLRMI DLSGTVALSE AIDMTQPRFR NAGPDFVRSF 
  101 ARNISISALS SQELRDALTK QQFDAVVTEW FFSDYDCGYA AVQQAPWILL 
  151 SGMTMHPHLE MLVDEVRSIQ THPLLFNDFP VPMTLWQRMI NSFIFGMMTI 
  201 SNWRDQSDND AYYQSAYGPL AKARGLSLPA YQDALYNVSI LFVNTDPAVD 
  251 RPRSVPANVI SIAGYHIDAN PGPLPKDLQT ILDSSSKGVI YFSMGSVLKS 
  301 SAFPENLIAD LLKLFGELPY TVLWKFEKEL TGAPKNVHVR AWFPQASILA 
  351 HPNVKLFITH GGLLSTLEAA NAGVPILAVP MFGDQPSNAA RSVRAGVARK 
  401 VDFSHHMADE LRKELNEMLS NDNYLKTAQS VSKLFRKRPV APSKLISHYV 
  451 EVAIESKGAY HLRSPSKLYA WYERYMLDQL AIVGAILYLI VKLIMTAVNV 
  501 IKRKVSGGKK QKRS 
 
>comp33913 
    1 MRSSTSQVCL KKTPVPNLTE IDLSSIEEAF KQDKESNEHF KLKNLVGQKN 
   51 FGDSIFFLYL SYEINKVSME HEAVQTFLAD PKQKFDAVIL EWFFSDFIAG 
  101 IAPLFNAPLI WMGSTEAHWQ VLKLVDEIPN PAYSVDLFSV KRPPLTFWER 
  151 MVELWTLAKR YVIINAVVVP FEKRLYNIIF PELAAKRGVT MPGYDDAVYN 
  201 ASLMYLYSHP SIGTPFRLSQ NAKYVGGYHV DTEVRALPKD LQKIMDEAKD 
  251 GVIYFSMGSN LKSVDMTENM RNSLLKMFSK LKQKVIWKFE EDLQNVPKNI 
  301 HLVKWAPQQS ILAHPNLRMF ITHGGQLSTT EAIHFGVPVV GIPVFGDQYV 
  351 NTKSAVDKGF CISVTLAEDM ADDIYAAVQE ILRNPAYKTK AKELSAIFHD 
  401 RPMKPGEELV YWLEYVVRTH GAKHLRSPAV NVPMYQKLFL DLLLIVVVGC 
  451 YVLCKIKQKV FGRRKADKPA KSGKKTKTN 
 
>comp34920 
    1 MLRPASARPA GKLCRRAARA HLFRTMRYHF LTTLCLLAYT TNAIKILGIF 
   51 PYDGKSHFIV IKVLLEELAR RGHDVTVISH FPDDNPPKNY HDVSLFIPKL 
  101 NNDSVEDAVK IERSYFGVFE VGVYLALSGK NDCEVMLANK DVQKLVNRKD 
  151 KYDLVLTEQF NSDCSLGIAY KLGAPVVGIT THILMPWHYK RLGIPNNPSY 
  201 VSFHFLEGGT KPTLFQRVER VFFDAYFKTL YYLISQRSNQ NELAKYYDDI 
  251 PPLEDLAGQI KFLLLNHHYV LTGSTLYPAN VVEIGGFHVG KPNPLSGELK 
  301 IFVEQAEHGV IFLSFGTTVS LSLTSVEKIQ AILDTIEELP QRFIWRWDKK 
  351 TTLDKKPFNQ LSKKHLDLLA NKKKIYIGNW LPQVDILGHP KVVAFISHGG 
  401 MGGTTEAIHF AVPIVAMPIT GDQPANAAAI EESGFGVHQP INSLTKEDLV 
  451 ASLRKVLDPK FREQVKLRSK AWHDRPVSPM NSAVYWIEYA ARNGNFTFRT 
  501 PAATVPLYQY LYLDTMAVYA VFFTAVFLLF KAFCCTSSRK ETKTPMNNKK 
  551 KKQN 
 
  
16 
 
>comp35471 
    1 MEMLRRILCL FCVFSSIEGY KVLVAFPLPV RSLNLLGEGL VRHLLNAGHE 
   51 VTYITAYPFK DPPKKNFRQI DLSSVKSVFA NQNKLNTGYI MMNNRHTNNI 
  101 YYVQELALNC AKATFADQNL QKLLQDTSES FDVIIADLLE TEIYAGLAAV 
  151 YDCPMVWLYS MGAHSVALRL VDQPANPAYA SDYLTGHIPP LTFIQRVEQL 
  201 WAHVEWYFLK WFFIQPEEKT LYQHTFGPLL SKRGRSLPDY QELIYNVSLM 
  251 FSNEHNALGN VPAIPQNFKF VGGFHIDDPP KALPKDLQAI MDSSKHGVIY 
  301 FSMGSTWQSK DIPESVTRGL LNMFGELKET VLWKYEENLQ NLPPNVKIVH 
  351 WAPQHSILAH PNLRMFISHG GLLSSTEALH FGVPTIGIPV MFDQYINVNK 
  401 AVSSGYALSA ELSDDLPNTL RPLIREMLDN PKYRQKAKQS SMIYHDRPAT 
  451 AGQELVHWTE HVIKTKGAPH LRSPALRMPV YQKLYLDFVA CCCSFAIYL 
 
>comp36019 
    1 MDLTKLLFLL LFGFSSAYKI LVVFPYPGKS HTILGEGFVK HLVRAGHEVT 
   51 YITPIPINNP PKGLRQIDVS SNIKTFESMS SSLSFKTVLN KEADLKDTRA 
  101 WVGVINNIAN QTIWHHNVQK LMYDDNEEFD LVIAEWLYTE LYCGFAAVFN 
  151 CPFIWSSSID PHGLVLGLID EEPNPAYTAN HMSSFEAPFT FSQRLEELWE 
  201 VIYLKYMKWA IYDHENRIFQ EGYGPAVAKR GRTIPSLYEV SHNASLMFGN 
  251 SHFSSGRPVR LPQNYIPIAG YHIDEEVDKP LPTDIQKIMN NAQHGVIYFS 
  301 MGSMIRSSSM PDGIKQGFLK MFGSLKQTVI WKFEEVLPNL PKNVHILKWA 
  351 PQQSILAHPN CLVFISHGGL LSTSEALHYG VPIIGIPMFA DQFINVDRAM 
  401 KKGFALKVDI AEDMTVHLKA AIEEILGNPR YHERMKELSF IYHHRTTTPG 
  451 QEILHWVDHV VKTRGALHLR SPALDVPFYQ KIYLDLITLI AVATIVLFRI 
  501 AKRLVCKSAV TKKVKKN 
 
>comp36231 
    1 MLRGRVKHLL HCVSFLSFIF FFLVFAGAIN VNDEQKEIVD PWEAYGIYGT 
   51 IILYVLRLLT LLTIPQVLCN FAGLIFFNAF PGKVKLKGSP LLAPFICIRV 
  101 VTRGDFPKLV KENVTKNMNL CLDAGMENFM VEVVTDKAIN LPKHRRVREV 
  151 VVPSEYKTKT GALFKSRALQ YCLEDSVNIL AGTDWIVHLD EETLLTENSI 
  201 RGILNFVLDG QHQFGQGLIT YANENIINWV TTLADSFRVA DDMGKLRFQF 
  251 YLFHKPLFSW KGSYVVTQVS AERKVSFDNG LDGSVAEDCY FAMKAYMEGY 
  301 SFNFVEGEMW EKSPFTLWDF IQQRKRWIQG ILLVVHSKEI PLVNKIFLAI 
  351 SCYSWVTLPL STSNVLLAAL CPIPCPTLLD IVCGFIGAVN IYMYIFGVIK 
  401 SFPIYRFGPL KFFLFIGGAL ATIPFNIVIE NIAVVWGVLG KKHKFYIVNK 
  451 EVKIPVTV 
 
>comp36263 
    1 MRALLTVFSL ATVLTLDDAN AARVLGLFPH TGKSHQMVFD PLLRTLAERG 
   51 HHVTVVSFFP VKNPPENYTD VSLEGIAGLG LEVIDLGMYE NGNVLLKMLG 
  101 LDNIARQLLD FEPLAEMALD VCSKLVSFPP LAEVLRKDYD VILVENFNSD 
  151 CMLGLSHVYG KKVPVIGLLT SSLMQWSADR IGVTDNPAFV PVLSAHYTSR 
  201 MNFYERLENT FLNVYFKVWF RYNIQLKEQE IIERHFGRRI PDLRDLAKNT 
  251 TLLLANVFHS LNGVRPLIPG LVEVGGMHLN HKRTVVPPYI ERFMNESDHG 
  301 VVLLSFGSLI KTSTMPEYKE RMIISALSRL KQRVIWKFEE SEEEGTLEGN 
  351 VMKVRWIPQY DLLRHKKVLA FIGHGGLLGM TEAISAGKPM VVVPFFGDQP 
  401 YNAAMAEEVG LGVQLPYEQL TEESLLKAVQ TVLSAEMRLS ARRISKIWHD 
  451 REAKPLDTAV YWTERVIRWG YHDKLYSAAR DLNFIEHNLL DVAAAFVLAI 
  501 IVLVLIAKLL LTAVLKIFKA SISGKDKEKL H 
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>comp36666 
    1 MSPPISSSCK LKKFSIVCLL LASLQVGFAY KILVVFPMPG KSHTILGEGV 
   51 VRHLANAQHD VTYITPILLK SPPKNVRQID VTSNFDFMKS NDMLNLKTHM 
  101 DNNGEMDLTM VFNMMMQIHN MTYHNPNVQK LLSDTSEQFD VVVAEWMFSE 
  151 LYSGFSAIFN VPLIWVSTIE PHWLVLRLMD EVCNPAYTSD TLSANIPPFS 
  201 FITRLQQLGS QIFGFGLKKF LIEGFEEKAY AELTPYFKMR GREAPAFKEL 
  251 AFNASLMLGN SHVSLGQPMS LPQSYINVGG YHIETNLAPL PKDLQILMDN 
  301 AKHGVIYFSL GSNIQSKDLP DELKQSLLKM FGELKHTVIW KFEETLPGLP 
  351 SNVHILKWAP QPSILAHPNC ILFITHGGLL STTETIHFGK PIIGIPVFAD 
  401 QFVNVNRAVA KGFAKRVDLS YGMAPELGAA IKDIIGDPKY SNNVKQLSLI 
  451 YHDRPVPPGK ELVHWVEHVV KTNGAPHLRS PALSVPFYQK MYLDLLALIV 
  501 VILLGIRAIF RRIFKKKSSK VKKE 
 
>comp36903 
    1 MRLFLICLLL ASAVNLEAYK VLLCFPFPAR SMNSLGDGYA RHLIDAGHEV 
   51 TFITAIPKKQ NIPNLREIDV SDNYEIIANE NFNNISFILE NILDLSSDVE 
  101 FLQRLTLDIA LKTLENKDVK ALMGNPKETF DVFIADLLET ELYAGFAALY 
  151 NCPLVWAYSM GAHWVAMRLI DDPTNPAYSS DYFTTPIAPF SFTDRFRVLW 
  201 ENVKWRYAKI FITQPKEEAA YISIFFPEFK KRGMIMPDYD DLIYNASLVL 
  251 SNDHHASGNT PKTPQNWKFV GGFHIEEPVK LLPETLKTTM DNAVHGVIYF 
  301 SMGSVWNSEL IPKQITDGLL KTFGELKATV IWKYEGNLPN VPKNVHLIKW 
  351 VPQQSILAHP NCKLFITHGG LLSSTEALHF GVPIIGVPIS YDQFLNIEKA 
  401 VTRGYALQVA LSYNLPDELR SAIDVVFDNP KYRDQVKKLS KIYHDRPIAP 
  451 GKELVHWIEH VIRTQGAPHL RSPANLVPFY QKAYLDILVI AIAVVALVIY 
  501 LKNLMFGESN KRQSKKKYKR N 
 
>comp37547 
    1 MVCELYTGLA AFYGCPFIWV STIEPHSTIL SLIDDSLNPA YNPGLFSNTI 
   51 PPYNFVERAK ELLMSVANVV LKDVVLVTYY EQAAYDELYV PLLKKKGRPV 
  101 LTYEEVRYNV SLVLGNSHVS LGQATRLPQN YKPIGGYHID TNFKPLPEDL 
  151 KNLLDNAKNG VIYFSMGSNI KSKDMPEELK RSLLKMFSGL KQTVLWKFEE 
  201 VLTDLPENVH IVKWAPQPAI LSHPNCILFI THGGLLSYTE AVHFGKPTVG 
  251 IPVFADQFLN VERIGKKGLG KRVDLSYTMA DDLKIAINEV LSNPSYMTKA 
  301 KELSLIYHDR PTPPGGELVH WVEHVIKTAG APHLRSPALN VPFYQKMYLD 
  351 LAALVVVVII TLRLIVKRLC NSCRKKKISS EKKNK 
 
>comp37715 
    1 MLARAVVLYL VCAGASALRL LLVFPVPGPS HAILAGGLSK HLIGAGHEIT 
   51 CITPLPSKNA SKNLRQVDIS ANFQLVPLGD VLQLEKIMSK EINMKDLAFI 
  101 KSLMISLANA TLTNPNVKRL MEDPAERFDA VIAEWMYTEL FAGISAVFNC 
  151 PLIWFSSMDP QALVLRLIDG TPSPAYFADP MSAEHPPFDF WQRIKGLWLL 
  201 FRRMKLEWST RSIEDSIYNS EYGPVAAVRG ITLPPLTVMR YNASLMLGNS 
  251 HISMGQSISL PQNYKEILGY HIADKVQPLP DNIKKIMDEA KHGVIYFSMG 
  301 SMLKSTTFPE ALKRELLDMF RGLKQTVLWK FEDVPPKLPA NVHVVKWAPQ 
  351 QDVLAHPNCV LFITHGGLLS ITEAIHHAVP IIGIPMFADQ FLNINRAVRK 
  401 GFGIKVSLDW DLTKNLKSAI EEIFRNFSYQ EKVKEVSFVY HHRPAPPGAE 
  451 LVHWIEHVVK TRGALHLRSP ALNVAFYQKM YLDLAAVVVV VLVVVVKVVK 
  501 SILKSKKGSE KSKEKQR 
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>comp37971 
    1 MKLPVTIITI LTTIFINEVT PLNILGVFPY QGRSHFFVFE PYLRELAARG 
   51 HNVTVITHFP QKTPVKNYQD ISLAGTSIQV EGLIPVEKSY FTLIMIGVYL 
  101 IGTGTDNCKA LLADDNVQKL WKSEAKFDVV LVEQFNSDCS LGLAHKLGAP 
  151 VIGLTSHTLM PWQYNRFGVE FNPSYVSTQF LSGGTKPSLF ERVERVIVYN 
  201 IFNTAFKYAC QRTDESTLRE YFDVVPPLEE LAQNIRVQLV YTHHTLSGVY 
  251 LYPPKIVEVN GYHVAKPKPL PEKLKKFIDE AEHGVIYVSF GSMLKAASTP 
  301 RDKLEAITKA LSQLPQRVIF KWEEKTLPGD YKNIYISDWL PQNDILAHPN 
  351 VVAFYSHCGL LGTTEAIYHG VPIVGMPIFG DQPSNAAAME EGGMGVQIQT 
  401 TELTTEKLLE KFKIVLDPQF RANVKRLSKV WHDRPSSPMD TAIYWTEYVA 
  451 RNPNFTFVPP TVHVPFYQFW CLDVLAVCIL ITLISFYVLK FLCCLVCRRK 
  501 SKEVVKIANT EKKSKKDN 
 
>comp38172 
    1 MPDVTFLLIA LCLSCAGSEA ARILAYFPTP SISHQVVFRS LMQELAKRGH 
   51 EVTVLTTDPV FTKTPAPPNL KEVDLHDLSY KTWREEFIQR SSANKDDIVS 
  101 QMKILLKLLN DIMEKQLLSA EVKNVIDVKK NKYDLVIVEA YARQLMVLSH 
  151 LFKTPLIQFS SLGGTFDTFS TVGAPIQELL YPSNVRQKLY NLTMWDKVTE 
  201 LAKFYQMKYY YDTQVEEENA MLERVFGDVP SINELSNNVD LLFLNIHPIW 
  251 EGSRPVPPNV IHIHGIHEKP QRDLPNDLKT YLDSSKHGVI YISFGTNVKP 
  301 SLLPPEKIKI MVNVMSKLKF DVLWKWDKEV MEGKSENIKL AKWLPQSDLL 
  351 RHPNIKLFIT QGGLQSTDEA INAGVPLIGI PMLGDQWYNV ENYVHHKIGL 
  401 RINMDTMSEE SLREAVKKVT EDQSYRQNIV RLRSLMKDQR DTPLERAVWW 
  451 TEYVLRHSGA RHLRSPSANM PWHQYFELEL ISTVLGVIFV CLIVVVIALV 
  501 KLVKGLKIVL GLQVKVKRS 
 
 
 
 
 
>UGT33D1(JQ070229) 
MLLITILQGTKAARILGVFPTPSISHQVVFRRLTLELHKRGHELVIVTTDPMYQKGEAPQNYTEIDVHDISYTTWRNDFMKLSRGSSD
DLFEQSAVILELTTNLFEMQLKSKEVQALIKVKDAKKFDLLLLEACIRPAIILTHVFDAPAIL
VSSFGGVEYVFRILGVPTHPVLYPPPLHQRIFNLTFWEKTHEIFTHYYLEYLFWKAEYKVDEM
VKRIFGPSTPTVRDTYKNVEMILLNAYAVWENNTPVPPNVIYVGGLHQKPEKDLPGDLKEYLD
SSKHGVVYISFGTNVEPSLLPPERIQLLIKVFSELPYDVLWKWDQDELPGKSENIKIAKWLPQ
SDLLRHPKIKVFITQGGLQSTEEAITAGVPLIGIPMLMDQWYNVEKYVQLNIGLKLDLGSITE
DSFRNAINTVTGDESYRQNVARLRSQVFDQPQGPLERAVWWTEHVLRHGGATHLRAAGALKSW
TEYFELNLIAVLLVSFLIAIAFIVTLISSLMTSLKMYFNYDDKIKKH 
>UGT34A2(JQ070244) 
MWLKFFYFFSLVLCPCYAAQGASILAVFSSLSYSDHLVFRGYVSLLAQRGHSVVVMTPYPGEFQYPEVENIIELDVSQESAPFWEEYK
RLMTNTDDYYPRLKALNELSLKIAIAQLKSKQMTALLINPNVKFDLVITEADVPLLYALADKY
QTPHITISTFNGKIHQYEAKGNPIHPILYPDVNSLNYGNLTRWQKIIEFYRHIQTKTEFYNNY
LPLCDVAAKKILGLKRDLQEVEYDIDMLFIASNPLLIGNRPVVPAIQFVDRMHIKPRMSLPQN
LQSLLDSQTKGVIYFSLGTLQEAEKLSVKTLQVFADAFRELPFTVLWKIGKMSTLKLSDNVIT
DVWFPQQQLLAHKNVRAFITHGGPRSLEEALFYEVPIIGFPLITSRKIFIRELTKYGAGEILD
PLHIDKQTLKQVISTVATDEKYKKAIIKLKGMVVDPLISGPDNAVWWTEYVLRNRGAQHLRSP
VVGVTFIKYYMLDILTYILAVVLFLLYLTFLVLKCIYRRLRARFVLRTGQGPEGKFKAL 
>UGT39B1(JQ070245) 
MFNSFIFLFVVVTGLCESANILYVMPFTSKSHHIMLKPIGLELARRGHNVTVITGFRDKNAPANYRQIQVDQKEIWDVIGTKRPNVFD
MVGVSTEEFHNMILWRGGLGFTNLTLNSAEVKSFLAEDNKFDLVICEQFFQEAMNILAHKYKA
PLVLVTTFGNCMRHNIMIRNPLQLATVISEFLEVRNPTSFFARLRNVYFTVYEYVWWRYWYLE
EQEKLVKKYIPNLEEPVPTLLEMQKNASLILINGHFSFDTPAAYLPNIIEIGGVHLSKSDTKL
PADLQNILDEAKHGVIYINFGSNVRSAELPLEKRNVFLNVIKKLKQTVVWKWEDDSLDKMDNL
VVRKWLPQKEILSHPNIKVFISHGGLIGTQEAIFHGVPIIGVPIYADQYNNLLQAEEIGFGKI
LEFKDIREQNLDNYLRELLTNNTYRDKAKEMSIRFKDRPTTALDTAMYWIEYIIRHNGASFMK
NPARKLHWIQYAMLDVYGFILAVVLTIFYTIYKLSSFILHKLKAPERLIRKKFD 
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>UGT40A1(JQ070247) 
MLRAIILCLILVTCSAYKLLAVFPFPGKSHMILGEGYVRLLLEANHDVTYLTPAPLKIGHPKLRQIDVSSTEKGFDFDGLFNFKKLIN
KEVDLSDTNHKYIVMQYVTESLLMHPNVQKLLLDTDQTFDAVIVEWMYSDLYSGFSTVFNCPF
IWSSSLEPHPMILRLIDSLPNPAYFPDHTSSLEPPYTFLERVEQLWNIAKTLYNRWRLKEKEE
SIYENAFGPAVKKRNRVLPPYNEVKYNGSLILGNSHVSTGVAFSLPQNYKAISGYYIPKKIPQ
LPDKIKNIMDKAENGVIYFSMGTMVKSKTLPEELKRNLVDMFGNLKQTVIWKFEEDLDGLPNN
VHIVSWAPQQSILAHPNCVLFITHGGLLSTTEALHYGVPIIGIPVFADQFLNIKRATTKGFAL
EVDINYETPGNLKLAIDEILNSPKYRENIKQLSLVYHDRPVSPGAELVHWVEHVVKTKGALHL
RSPALHVPFYQKLYLDLFAVILMMPLVLCILLRYMKNKLFGVIKKKGKKTKKNQ 
>UGT40B1(JQ070248) 
NIFKSFIDTANDTVANAEVQQLVLDPQTHFDVVIAEWMVTEIFSGFSEIFNCPLIWASSMEPHSVILRLIDEXPHPAYSSNMLGIFEP
PYNFVQRAINTSLEIALKVIKWFISLIEERIYKEGFAAAFKAKGLVQPSLEELRYSVALVLGN
SHVSSGAPLKLPQNYKAIGGYHIAEQSKPLPKEFKNILDNSKHGVIYFSLGSVVSSKSMPAAI
KNGLFEMFRSLKYTVIWKFEDEFQNVPDNVHIVKWAPQQSILAHPNCILFITHGGLLSTTETL
HYGVPIIGIPLFGDQTMNIKKAVYKGIGLEVKLNFDTPKNLKAAINEVLSNQKYRDRVKELSM
IYHDRPVSPGAELVHWVEHVVKTKGALHLRSQALHVPLYQKLLLDLIFVSLLLFLGFVFFVKF
MVTRCLKKKTDIRKKTL 
>UGT40B2P(JQ070249) 
KAGHELTYITPYPKTPAPNLRVIQIAEHAFEEKMNSMFTIEKLIDNTFALKEMFSILKSFIDTANDTVSNTEVQQLMLDPQTHFDVVI
AEWMLTEIFSGFSTIFNCPLIWSSSMEPHSPILQLIDEMVHPAYSSNMLGLFEPPYNFFQRAI
NTLIEIGLKVAKWFSALIEEQIYKEAFAAAFKAKDLVQPSLEELRYSAALVLGNSHVSSGAPL
KLPQNYKAIGGYHIDEQSKPLPKEFKNILDNSKHGVIYFSLGSIVPSKSMPAEIKNGLFEMFR
NLKYTVIWKFEDEFQNVPDNVHIVKWAPQQSILAHPNCILFITHGGLLSTTETLHHGVPIIGM
PIFGDQAMNVKKAVHKGIGLEVKFDSDTPKNLKAAINEVLSNQKYRDRVKELSLIYHDRPVSP
GAELVHWVEHVVQTKGALHLRSPALHVPLYQKLLLDIIFVSLLLFLGFVFFVKFMLTRYLKKK
TDIRKKTL 
 
>UGT40B3(JQ070250) 
MNFQTIHLLVLSALACDAYKILLVFPFPSKSHAILGEGYVRNLLKAGHEVTYITPYPRDPAPNLRIIQVSQHDFEEKINSTLTIEKLI
DYSFTVMEMFNITKSFIYTANDTVANTEVQQLMLDPQTHFDVVVAEWMITEIFSGFSVIFNCP
LIWSSSMEPHSWILPLIDEIPHPAYSSNILGLFEPPYNFVQRAINTSLEIALKVIKWLVTLIE
EQIYKEGFAAAFKAKGLIQPSLEELRYSAALVLGNSHISSGAPLKLPQNYKAIGGYHIDEQSK
PLPKDFKNILDNSKHGVIYFSLGSMAPSKSMPAAIKNGLFEMFRSLKYTVIWKFEDEFQNVPD
NVHIVKWAPQQSILAHPNCILFITHGGLLSTTETLHYGVPIIGMPMFGDQVMNIKKAVHKGFG
LEVKLNFDTPKNLKAAINEVLSNQKYRDRVKELSLIYHDRPVSPGAELVHWVEHVVKTKGALH
LRSQALHVPLYQKLLLDIIFVSLLLFLGFVFFIKYMVTRCLKKKIDIRKKTL 
>UGT40B4(NM_001257036) 
MNVQTIHLLVLSALACDAYKILLVFPYVSKSHAILGEGYVRNLLKAGHEVTYITPYPKDPAPNLRVIQIAQHALEEKMNSTFTIEKLM
HKTHAGMEMFKLVKSFINTANDTVSNTEVQQLMLDPQTHFDVVIAEWMVTEIFSGFGKIFNCP
FIWSSSMEAHSLILRLIDEIPHPAYSSNTLGLFEPPYNFFQRAINTLMEIGLKVAKWFSISIE
EHIYKEGFAAAFKAKGLVQPSLEELRYSAALVLGNSHVSSGAPLTLPQNYKAIGGYHIDEQSK
PLPKEFKNILDNSKHGVIYFSLGSVVSSKSMPAAIKTGLFEMFRSLKYTVIWKFEDDFQNIPD
NVHVVKWAPQQSILAHPNCILFITHGGLLSTTETLHYGVPIIGIPIFGDQVMNIKKAVHKGIG
LEVKLDLDTPKNLKAAINEVLSNQKYRDRVKELSLVYHDRPVTPGAELVHWVEHVVKTKGALH
LRSQGLLVPLYQKLLLDIIFVSLLLFLGFVFFVKFMVTRYLKKKIDIRKKTL 
>UGT40D1(JQ070207) 
MEKMKICWVLFSIMLAIGDASKILVVYPFPSRSHANLGDGIVRNMLKAGHEVTYITPFEFKNAPPSLRQIDVSNLIDLMPKGLLTIKA
LMDGNNISLNIAFMTYMVTEIFKGMILNENVQKILTDPNEKFDLVIAEWMMSEIPAGIGAVYD
CPFIWISSVEIHWILLRFIDQAPNPAFTVDIMTTYTPPLNFVQRAIELWNQVKLTVLNYVILD
RIQDNVYSTYLAPIVEKRGRKAPTLDELRYNVSMIFSNAYVDTSSALSLPQSHKYIGGYHIDE
KVKPLPEDLQKLMDGAKNGVIYFSMGSNLKSADMPDELKASLVEMFGSLPYTVLWKFEEVLPN
LPSNIHILKWAPQQSILAHPNLRVFITHGGLLSTTETVHFGVPIIGIPVFADQFINVHRAEIR
GFAKRVDLSYTMAGELKKAILEVVTDKRYAEKAKELSVIHHDRPVKPGDELIHWVNHVIRTRG
ARHLRSPALGVPFYQKMFLDLAVVLTIVLTLAYILLKRAWRYFRSGKSKSSKKNN 
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>UGT40D2(JQ070208) 
MEKTKICWVLFSIMLAIGDASKILVVYPLPSRSHANLGDGIVRNMLKAGHEVTYITPYEYKNAPSALRQIDVSSLLDLLPKDLMTLKS
LMEGKNMSLHALFMSYMMTEMSKAMIKNENVQKILSDPNEKFDLVIAEWMMSEIPAGFAAVYD
CPLIWISSVEIHWMLLQYIDQPSNPAFTVDIMSPYTPPLNFIQRASELWTQIKHMVLNYLILD
RIQDYVYSSYLAPFVEQRGRKAPTLHELRYNVSMIFSNAYVDTSSALSLPQNHKYIGGYHIDE
KVKPLPEDLQKLMDGAKNGVIYFSMGSNLKSADMPDELKASLVKMFGSLKYTVLWKFEEVLPN
LHSNLHIIKWAPQQSILAHPNLRVFITHGGLLSTTEAVHFGVPIIGIPVFGDQFVNVHRTEIR
GFARKVDLSYTMTDELKKTILEVVDDKRYAEKAKELAVIHHDRPVKPGDELIHWVNHVLRTRG
APHLRSPALGVPFYQKMFLDLAVVLTIVLTLSYILLKRAWRYYRSGKSKSSKKNN 
>UGT40F1(JQ070209) 
MGKLNLILLSILLSSCLCDGYRILAVFPTPSVSHGILADNFVKTLLNAGHEVVYISPFKNVNHPKLEITDVSQNVELFSDNIDVKEVM
NGSLDLLDTKVLFEIITTITDVTLANPSVQKLLRDPNQKFDVIVAEYFFNNIYSALSAIYDAP
FIWFLTIVPHSMILDQIHGPMNPAYSSDYIEARIAPYSFAERVRGLYFTLSLLYNLHVSFPPV
EEAIYHKHIPTILKSLGKPIADYKVLTYNVSMVLGNSQVAIESAVPLPPNFKHIGGYHIDDDV
KPLPENLKKIFDNAKNGVVFFSLGSNLRSKDLPEDMKQGILKVLGGLKQTVIWKFEESLPNTP
KNVHIVQWAPQQSILAQPKLVLFVTHGGLLSTTEAVHFGVPLVVIPVFGDQFMNAHLVEKKGI
AVQVKLSYTMYNELKVAMDTVLGDTKYATNAKALSAAFHDLEMKPKVALNFWVEHVVRTRGAP
HLRSVAVDIPLYQRVYLDLLALILLTPVVLLLVLKRFCCKKSDSQKVKRS 
>UGT40F2(JQ070210) 
MEKLKMWLFGILLCSCLCDGLKILTVFPVPSPSHGILGDNMVKHLLNGGHEVTYITPFKNKNPHPKLHIIDVSANMKLFDPNMLDVKK
IMDGDKYMQDNALLFVLMNSIASSTLGNPNVQKMLKDPNTKFDVIIGEFMFSDLYSALPAVLQ
CPFIWFSTIEAHSMILNQVHGPLNPAYTADYLVARVPPFSFYGRVHELWTLLVGLYHHNFDYH
AKEVSDYETLIAPIAREQGKPVPDFNVLKYNASLLLGNTHVAISNAVPLPPCYKHIGGYHIDE
EVKPLPEDLQKIMDSAKHGVIYFSMGSNLKSKDLPDELKQGLLKVFGGLKQTVIWKFEENLPN
TPKNVHIVQWAPQQSILAHKNLVLFVTHGGLLSITEAVHFGVPLIAIPVFADQYLNANRIEKK
GFAIKVDLSRTMDKDLKVALQEVLGNKKYAETAKALSIAYHDRPQKPKDALNFWVEHVVRTRG
APHLRSVAVDIPLYQRVYLDLLALILLALVVLLVVVKKIVGLLTSKKSVKQKKN 
 
>UGT40G1(JQ070252) 
MTKWILFLCVTSLLCTCDAYKVLVVFSMPGKSHSILGYGIVKHLLKRGHEVTYITPFPVDNADPKLKQIDVSSNIDILPKTSLNLNVI
LEGKVPKVDHGGIHLVMNAVEMNTYNNENVSRLINDPKQKFDIVIAEWMFTEICASYAAIFNA
PLIWVSSIQTHWMVTRLIDEALHPAYNTDVVGRNIPPFNFFQRVQNLWILLRTLYQVKNSGQE
DFYNIAVVPVIEKRGLVPPTFEDVQFNGSLVLSNSHLSYAPAVRLPQNYKTVGGFHVEEKVEP
LPEDLKKVLDSASTGVIYFSMGSNLKSKEMPDRLRKSLIKLFSGLKYTVIWKFEEEFSGLPKN
IHVVKWAPQQSILAHPNCVLFITHGGLLSTIESVHFGVPIITIPVFADQFMNAERSARVGFGK
IVYLSYTMADDLKVAIEEIFSNPRYKEIAKETSLIYHDRPVSPGAELVHWVEHVVKTRGALHL
RSPALQMPLYQKLYLDLLTVVLVLLIVIYKIVRCLFSRISVTSNKKTN 
>UGT40G2(JQ070253) 
MSKSLIKFLCIASLLCFCDAYKVLVVFSLSGKSHSILGYGIVKHLLKAGHEVTYITAFPEESSDPNLTQIDVSSNMVALPKSYKESLN
LKAVLEGKAIPLDFDIIHNLMNAVEMNTYQIENVSKLLNDPEQKFDVVIAEWMFTEICVGYAA
IFNAPLIWFSSVQTHWIITKLIDESLHPAYNADAIAHSIPPFNFFQRAHNLWTQLQVFYHLTK
GRQETLYANEIVPIIKKRGLVPPSFNDLLYNSSLVLSNTHVSYAAATRLPQNYKPIGGFHIDE
EVKPLPEDLKKVMDGASNGVIYFSMGSNLKSKEMPDLLKKELIKMFSDLKYTVLWKFEEEFFD
LPENVHMVKWAPQHSILAHPNCVLFITHGGLLSTIESIHFGVPIIAIPVFGDQFINVEWSVRK
GFGKRVDLSYTLAEDLKVAIEEVFANPRYKEIAKETSLIYHDRPVSPGAELVHWVEHVVKTRG
ALHLRSPALFVPLYQKLYLDVLAVILAFLIVLYKTARCLFLKERITNKKKNN 
>UGT40H1(JQ070254) 
MIRRLTIAIAVCFCLGVDAYKILTVFPVPGRSHGILGDAVVRHLLEAGHEVTHITPFPKKEPPPNLVQIDVAANKAAFNEDYIDIKAL
MTKEFNLKDKNVLFSLMNNISSSTILNENVQRLLRDQSREQFDVIIAEWMFSDLYASFHAVLD
CPLIWFSTIEPHWMVLRLIDEYPNPAYTSHFQDSFEVPFTFVERMSVLSSQLTWSLSLNTWVY
DLEKYIYDNNIAPIIKKNGKPVPNYDEVRYNGSLLLGNSHVSLGDAIKVPINYKAIGGYHIDG
KVKELPPDLQKIMNESKHGVIYFSMGSNLKSKDLPKEIKEGLLKMFSQLKQTVLWKFEENLSP
LPENVHLLKWAPQQSILAHPNCILFITHGGLLSTTEAVHFGKPIIGIPVFADQFGNVNRAVQK
GIARRVDLSFTMVRDLEEAVAEMINNSRYIEKIKELSLIYHDRPVSPGAELVHWVEHVVKTKG
ALHLRSPALHVPFYQKLYLDLLAIVLVTSIVLRFIFKNIHCNVQFKDKIQ 
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>UGT40K1(JQ070255) = BmUGT10286 
MFKLTFLVCCILATQSISDAYKILVVFPMPGKSHSILGYSVVKHLLKAGHEVTYVTPFVEDNHHPKLTQVDVSSNMRLIPKGGLDLKR
VLDKEVNVIDNGFMFYFMKQIQEATLEHEQVKKLLEDPNKTFDIVIVEWMYCELGASYAAVFD
VPLIWLSTMEPHWLVTRLIDGNLNPAYNGDSMSSSIPPFTFLQRVKELWIQIHTSFILLNDDQ
ERSYDRLVRPLIEKKGRKAPSFEDLKFNASLVLGNSHVSLGEATGTPQSYKPIAGYHIEEVVK
PLPADLKEIMENAKHGVIYFSMGSNLKSTEMPDEMKQNLVKIFGELKQTIIWKFEEDFPNLPK
NVHIVNWAPQPSILSHPNCVLFITHGGLLSTTESVHFGVPIVGIPVFGDQFINVQRAVKRGFA
KKVDFSYSMVGELKVAIQEILSDSSYRTRIKELSLIYHDRPVSPGAELVHWVEHVARTRGALH
LRSPALHVPFYQKLYLDLLAVVLIISLIFYRIICLIKNLLLSFFQTNEIKKKKKRN 
>UGT40L1(JQ070211) 
MSHKTAGLLLLSLLVSSEALRILVCFPMTSKSHSILGHGYANRLLEAGHEVVHITSYPSKRIVQNLTEIDISYLQDFFKEQTMNDDAF
KLKNMIGKKNFEESVFFFYFVFTMHKNFLTDPNVVKLLSDPKEKFDAVVLEWFFTEITAGIPA
LLECPLIWACSTEPHWQALRLIDEISNPAYTLDLFSHNRIPLTFWQRAEGLWKVVKRNVQLAI
YYPFEKWAYNSIYPEIAAKRGVTMPSYEEAMYNGSFMLLNAHPSIGGSMKLPQNAANIAGYHI
ETTKPLPKDLQKLMDEAKHGVIYFSMGSIVQSDGMSEEMKKSLLDMFSKYEQTVIWKFESDLT
DVPKNVHLVKWAPQPSILAHPNLKLFITHGGQLSTSEAIHYGVPLVGLPVMADQHYNMISVEA
KGFGIKVTLAEDMVPELDAAVRKILTDETYTNRAKELSALFHDREMPPGVALTHWVELVVRNR
GAPHLRSPAIAVPLYQKLYLDLGVVLAIIIGLILKVVKYVLNRRSNKQSKEKSS 
>UGT40L2(KF777114) 
MKYKIVTSIFLLSLLVSSEALRILVCYPMTSKSHSILGHGIVNRLLEAGHEVVHITSFPNGKVLPNLTEVNVSSIAEVFTKDVDGVEQ
FKLKNLIGKGNFGDSALFMYYVYIIHRNFLEEPSVVKLFSDPKEKFDAVVLEWFFTEMNAGIP
ALFNCPLIWVCSTEPHWQSMRVMDGITNPAYTLDIFTHNKLPLNFWQRAEGLWKVVKKAVQVL
ILNQFEKWSYYSIYPEIAAKRGVTMPSYEEAVYNGSFMLINAHPSIGGAIKLPQNSANIAGYH
IDKVKPLPKDLQKIMDEAKNGVIYFSMGSIVQSDGMSEQMQKSILNMFSKYKQTVIWKFESDM
KDNIPSNVHLVKWAPQQSILAHPNLKLFITHGGQLSTSEAIHYGIPLVGIPVMADQVLNMISV
ENKGFGIKVTLSEDMIPELNAAIKKVLTDDAYRKKAKEISALFHDRVMTPGAAVPYWIEYVVR
TRGAPHLRSPALDVPLYQKLYLDLAAFIAVVEIVLKKVVKYLRKREVIKRRRAKNL 
>UGT40M1(JQ070212) 
MKLLVLFSLFFVLCSVESLKVLVLFHMPVKSLSILGTGVVRHLLNAGHEVTYVTVYPLKNPPTKNFRQIDISKNVELVAYDETLTMGY
VLEHQIEKNGAYQIQVFSQENARQTFQNENLKKLIQDPNEHFDVVFSDLLESEVYAGLAVLYD
CPMIWLYSMGAHWQVLRLIDHGSNPAFTPDYLSPNKLPLSLFERVEELWARVRWQFLKTFITQ
PEERKIYEETFGPLLAQRGRTLPDYEEVMYNASLIFANEHHAIRDRPATPQNFKYVGGFHIED
PVQPLPKHFQELIENSKHGVIYFSMGSFLKSNSLPKKLVQELLNMFGQLKQTVIWKFETNLPD
VPKNVHIVHWAPQPSILAHPNVKIFITHGGLLSSMEAIHFGVPIIGVPVFFDQFTNINKAVIN
GYALRVNLNYDLPKGLSAAIDVMLNDDKYSKKVKEMSAIYHDSLTKPGDEIVHWVEHVVRTRG
ARHLRSPAFNVPLYQRLYLDVLAIILAVVYLVKYIIASFDTKKAKKQSQKKKN 
>UGT40N1(JQ070256) 
MRSVLGLCLIFLANQVQGYTVLVITALPFRSLNILGASVVSHLLNAGHEVTYITTSPLKEKPKKNYREIDVSANTEIFKGEEMIDIAC
LMDNKVEMNHIFDLQNITIANALMTFENEDVKKLIQNTNESFDVVIADYIDTEVYAAFSALYG
CPLIWLSSLRTNWQTLRLIDEPTNPAYTVSSISMNYPPLNFKQRIEELWAQWKWQIVKRLYIV
SQEEKIYDNHFVPFIRKRGIKPPNYEDLIYNASLVLANDHHSLGNLPKTPQNFKQVGGFHISS
VVKPLDKVLQNIMDSSKDGVVYFSMGSAWQSKDIPEHIVNELLKVFGNLKQTVIWKFEKNLND
LPKNVHIVQWAPQTSILAHPNCLLFISHGGLLSSTEAIHFGVPIIGIPIFYDQFVNIQKAVIS
GYGIQVKLNYELPKSLEKALGEMLSDKKYREKAKQLSLIFHDRPVSPGAELVHWVEHVVKTRG
ALHLRSPALHVPFYQKLYLDLLAAIAMTLLMIKLVIEKTLSSFYKKTLKRKED 
>UGT40P1(JQ070257) 
MPLWILVVLLTFSYSGAHKILVVFPLPEQSHGILGARFVRHLLNYGHEVTYITPFIEKYTHPNQQQVDVSRNLKLIPENPVNLSSLIS
KEVSAPGFTETMNFMNLVAVQTLENENVQKLLKNPNLEFDLVILEWNFSELLAGIAAVFDVPY
IWVSNLEPHWLIARLAGESFNPIFNSNILSPYIPPLNLYQRVEELWTQITFHFHMYWYNDRIQ
RNDYERFFGDIIRMKGRESPLFEELKRNGSFVLGNSHLALGHEMRFPNNYKNVGGYHVDEEVK
PLSPKLEKLMNNAADGVIYFSMGSKLKSEDLPVDIKKGLMKMFGELKQTVLWKLDDKSIDPPS
NVHIFKRVPQQSLLAHSKCVLFITHGGILSTIEAVHYGVPIIGIPAYGDQFLNIERLVRKDQA
KRVDLSHSLVADLKYAIDELLNTKRYNDTAKNNSFIFTHRTVNAGAEIVHWVEHVILTKGAKY
LRTENLDLHWYQKLYLDLGLLLISAFLFLTYTCKLFLIFISKTRKVDVKKKKK 
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>UGT40Q1(JQ070213) 
MNNWTLFLLSSICLSHVCAYKILVVFPYPGTSHSILGEGYVRHLLRAGHQVTYLTAIPYKKPHPNLKQVVVASVVEKFEFFKTLDFEK
FISKEVDLTDMQVMYETMITVANRSLTHENIQKFLMDTNEKYDLVVAEWLYHHLYSGFAAIYN
CPYVWSSSMEPHTAVLSLIDEPGNPAYFPDHMSPVSPPLTFSQRAYELYYLFYLRRVLWSIRG
LEQKTYEEVFGPAAAKRGITLPTLEEVKYNSSLMFGNSHISSGDPQRLPINHIPIAGYHIQDV
VPALPENLQKIMDEAPYGVIYFSMGSMMKSSTMPTKLKRDFLDVFGTLKETVIWKLEEELTDV
PKNVIMVKWAPQPSILAHPNCKLFVTHGGLLSTTETIHYGVPIIGIPLFADQFINVMRAVRKG
FALQVDLGYDTPANLKVAIEEIVSNPKYTQKVKDLSFIYHHRETKPGHTLVHWIEHVIETNGA
PHLRSPALHMPFYQKMYLDLLGIVLLGLIVLIKAVQILLRLAKKSDVKKKRS 
>UGT40R1(JQ070214) 
MAAATYFLLFSLLSLSSEASKILVVVTMPSRSHGNLGNGVVRELLKGGHEVTYIRIFEYKNPPPNLRQIDVSSNIDLMPKGIMNIKKI
MDKDVAANDHITVKMMMLELATKTIEHQNVKKLLEDPSEHFDLVIVDWMLADVPAGLATVFGC
PLVWLSPMEVNSLDISLIDGAPHLAYSTGAFSSNMPPFNFLQRAQELWTRIKARYYELKHFDR
MELDAYERLIVPYVEKRGRQAPSFYDVRYNASLILGNSHVSMGQALALPQNYKPIGGYHIDED
VKPLPEDLENIMMSAKNGVIYFSMGSHLKSKDWPEKVKRDLLNMFGQLKHTVLWKFEEDLPNL
PKNVHILKWAPQASILSHPKCVPFITHGGLLSTTETIHYGVPIIGIPAFGDQFINVKRAINKG
FALEVKLSYTVAADLKAAIEEILHNPKYRQKVKELSFIYHDRIAKPGEELLHWVHHVINTNGA
PHLRSPALHIPLYQRLYLDLLGLISVVILVFFILLRVLCKLVCSKKQKEIRV 
>UGT40R2(KF777116) 
MALAILLFLGLLLSSSCEAYKALVVFGMPSTSHFHLGNGVVRNLLRDGHEVTYITPIEYKNPPPNLRQIDVSSNFDVLPTYQINLKHL
MEAPKPSGHRNFVKLMLINLVMKTLEHENVQRLLNDTNEHFDVVIVEHMMSDLSASYATIFDC
PLIWVSPVEVNALSIGLIDVLPNPAYTTDTMALYTAPFTFLERLEELWMRISDSYNDYMVYEP
TEEAEYQRLIVPQLQKRGRQVPPYSEVRYNATLVLGNSHVSTGIPLGFPQNYKSMGGYHIEEE
VKPLPEDLEKIMMNSKNGVIYFSMGSNLKSKDWPEDIKRDLLKLFGELKQTVIWKFEEELPNV
PKNVHILKWAPQPSILAHPKCVLFITHGGLLSTTETIHYGVPTIAIPVFGDQFINVKKAVARG
YALEVKLSHSIAAELKVAIQEMLNNPKYRQRVKELSYIYHDRPVKPGAELRHWVQHVVNTRGA
PHLRSPALQVPLYQRLYLDLAALLLVVILVLKLLLKNLYHRIRPKKTNVNIKKKDKKN 
>UGT40R3(KF777115) 
MALAICLFFLLLSSSCEAYKALVVFGMPATSHSNLGRGVVRNLLKDGHEVTFITPIPIKDPPPNLHQIDVSSNFELLPLDLMKIERFL
GPNSMPALPRFFVKMMMMNLVSKTMEHENVQKLLNDTIAHFDVVIVEWMFTSLSAGYATIFDC
PLIWLIPVEVNSMTIGLVDAVPHPAYSTDPLSSYLPPFSFLERATEIWTRLQESVLGFLYYES
KDAANYERIVVPQVQKRGRQAPPLSEVQYNASLVLGNSHVSMGLPLSLPQNYKPVGGYHIEEE
VKPLPEDLEKIMMNSKNGVIYFSMGSNLKSKDWPEEIKRDLLKLFGELKQTVLWKFEEELPNV
PKNVHILKWAPQPSILAHPKCVLFITHGGLLSTTETIHFGVPTIAIPVFGDQFINVKKSVARG
FTLQVDLSYKLAADLKVAIEEMLSNPKYRQRVKELSYIYHDRPVKPGAELRHWVQHVVNTRGA
SHLRSPALQVPLYQRLYLDLVAFLSVAFIVLYMLIKKLYSRVRSKKIVNNKKRN 
>UGT40S1(JQ070258) 
MNIKLLISLFSFVLTCDCYKILIVFTTPMKSHNILGEAAAELLLNAGHEVTYVTPFPKESVPDKMRQVDVTYIGKIGLFDLKGYLKND
TVKPMSLRKISYFMHDVNVKAIQNENLQQLLNDPSQRFDAVIVDWLFSEIFVGLASLYDCPLI
WMSTMDPHWQILRLVDEMPNPVFLGRCFLDRIVPFRFWERTQELLYQISSLFFKDIEFFSEED
AAFKRLLGPVFARKKKPLPSFNAVRYNASLVLSNSHHSIGYPVKLPPNFISIGGFFIDDKKQR
LSLDLQTIMDNAKHGVILFSLGSNLKSKDMPEHLVRSLLNVFSELKQIVIWKVEEQIADLPQN
VHVLKWLPQQSILAHSNCILFITHGGLLSITEAYHHGVPLIGIPVFADQFKNVNLVSKKGFAK
KVDLTYNLPGDLKHAINEILHNKRYLEQAKLWSEIFHHRSVNPRKELVHWVEHVIHTRGATYL
RSPALDVPLYQKMYLDLLGLVMLVLMALTFLIKNVIKLFMVRGIVHEKME 
>UGT40U1(KF777113) 
MERIQTFWLALSVLLVCAEASKVLVVFPLPSRSHANLGDGIVRHLLNAGHEVTYITPFVYKNAPPNLRTIDVSSNFDVWPAHLITIKS
IIEDPDAFANMNMMAFLVTTIMNHTYENEAVAALLNDSKEHFDAVIVEWIFNEAIGGIATIFD
CPLIWMSSVEVHWKLLSLIDQPSNPAYSVDMTSSNQPPLSFTERVSELWTQIQISILSYFIFD
KMQDETYQKYVVPAITKRGRDAPSFYEMKYNASLILANAYVSTAIPQTMPQSHKYIGGYHVDE
VVKPLLEDKKLIESSKDGVIYFSLGSNLKSKDLPEEIRVSLLKMFGTLKQTVLWKFEANMTDL
PPNVHILEWAPQQAILSHPKLAVFITHGGLLSTIESVHFGIPIIGIPVLADQHMNIKKAVRNG
FALKVDLSYTMADQLKKAIIEVTSNSKYAQKAKELSFIHHDRPVKPGVELVHWVNHVINTHGA
PHLRSPALHVPFYQKMYLDLAAVLIILFLAGRLLLKKAYAAVFSKSKSNKKKTH 
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>UGT41A1(JQ070259) 
MRCLGLLFFLVCVVTSARAYHVLCVFPIPSRSHNSLGKGIVDALLEAGHEVTWVTPYPPSELAKGLKIVDVSATVSISKTVDMHEQRN
SNTGVSFVKALAENITRVSLATPALQQAIVQGKYDAVITETFFNDAEAGYGAVLQVPWILMSS
IAMMPQLEAIVDEVRSVTTIPLLFNNAPTPMGFWDRLKNVFLHSVMVISDWLDRPKTVAFYES
LFAPLATARGVALPPFEEALYNVSVLLVNSHPAFAPPLSLPPNVVEIAGYHIDPKTPPLPKDL
QSILDSSPQGVVYFSMGSVLKSSKLSEQTRRELLDVFGSIPQTVLWKFEEDLQDLPKNVHIRS
WMPQSSILAHPNMKVFITHGGLLSILETLHYGVPILAVPVFGDQPSNANSAVRNGFAKSIEYK
PDMAKDMKVALNEMLSDDSYYKRARYLSKIFGDKLVPPAKVISHYVKVAIETNGAYHLRSKSL
LYPWYQRWLVDIIAALLLACLAVYVVARRVLCYLYTSVTGGGCNRSVKVKKN 
>UGT41A2(JQ070260) 
MRCLQLLLFLVCVVTSARAYHVLCVFPIPSRSHNSLGKGIVEALLGAGHEVTWATPFPPKESTKGLKIIDVSATASVSEMIDMNDQRN
ADAGIALIRTFAANITRLSLSVPALQQAIVSGKYDAVVTESFFNDAEAGYGAVLQVPWILLSS
VSIMPHLEAIIDEVRSITTIPLLFNNAPTPMGFWDRLTNIFIYSAMTISNWLERPNTVAFYES
LFAPLAAARGIALPPFEEALYNVSVLLVNSHPAFAPPMSLPPNVVEIGGYHINPETPPLPKDL
QHILDSSPQGVVYFSMGSVLKSSRLSERTRREILEVFGSLSQTVLWKFEEELKDLPKNVIVRP
WMPQSSILAHPNVKVFITHGGLLSTLETLHYGVPILAVPVFGDQPSNADRAVRHGFAKSIQYK
PDMANDMKVALNEMLSNDSYYTRARYLSKIFGDKLVPPAKLISHYVKVAIETNGAYHLRSKSL
LYPWYQRWLVDIIAALLLACLAVYVAARRVLCYLWSSVNGGDCNRIKVKKN 
>UGT42A1(JQ070262) 
MAKQTKIKLLLLTFIMSGVHTLNILGVFPYQGRSHFFVFQPYLEELARRGHSVTVISHFPQTKALKNYRDISLANTTKIMENAFSVER
SYKSLIEVSFYLMNTGVENCKIMLANKEVQDLWKNKIHFDVAVVEQFNSDCALGLAYKLGIPV
VGTNSHVLMPYQYERFGIHYNPSYMTFQFLEGGTKPTLFQRIERTIFHHYYNFIFEYLSQRTN
QNTLAQYFDDIPPLNELAREIKIMLFYHNFVLSGPNILPSNVKEVGGYHVAQPKELRPDVKKF
IEESEHGIIYISFGSMLKAAATSLDKIEAILGAVAELPQRVIWKWEEGTLPGNPKNIFISNWL
PQNDILAHPKVLAFYSHCGQLGTTEAIYHGVPVVGMPVFGDQPANAAAVEESGLGVQIQIEDL
TKENLLGKLRTVLNPEFRKRVKFISKAWNDRPVKAMDSAIFWTEFAAKYSNITFRSRSVDVPL
YQYLVLDVIAVLGSISVISVFVVFKLLGRLCTSKRENDKKNKLKRK 
>UGT43B1(JQ070265) 
MNFSLLGLFVFVNQCVSYKILAVFPYNGRSHHNLFSTLVEELALRDHSVTVVNYFPMKNISKLRQIPLEYKVSGSDVVDIDDTLKNLP
GILVNFHKALDTARAFKNLANSNCNKLMSNKEIQGIISSKTKFDLVIVEQFVTDCGLAVAFKL
NAPIVGITAHILMPWTYSRLGALNHPAYVPNHFIGSGTKPGFWDKIQSALINIAFNIYFKYVI
QKSDQMIINSVFEDVPDLDEIGKNISLILLNQYFPLTGSRLYGANVIEVGGLHIKENTTIDDE
EIKSFIDKAESDVIYISFGTVASNFPDRIIKEIINFITKSSVKVLWKIDNVGNLNLPKNVLIR
KWFPQTAVLCHPKVKAFITHSGMLSSIEAMHCGVPVISVPLFGDQFANAAAATEIGLGVTIDV
STMNERKINQALKTVMQDSYQIRAQNLSALWRDRPVSPLNLAIFWIEYVIRHKGNVELRPPTV
DLGFYELLMLDVCGMAIGILISFCLFFSIIISLIRFIRRRHINPNKTKTQ 
>UGT44A1(JQ070266) 
MTKRTIVCIFVTIILTTDCYKILGIFPSLDRTNYLTYRDLFKELANRNNDVTLISHFPMSDAPASYRDILLSDRHVYKGLSFESVIAS
EVSRVPFETLVATKAGNDDCKTLMNNNQVLHLIRTRPQYDVVLVESFNSDCGIALAANLSAPY
IALNPKPLQPWHYNRLGINFNAAYVTQTGLSYGKNPWFLDRVRGYILYHITNWVYYVGSQITD
HVYLYKYLGDNLPSLETLASNASLVFVNTHQSVFGGISRPDNVIDIGGIHVRPPKIIPTEIER
FINEAQHGVVYVNLGSTVKDSTLPAEKLAELLLTFRKLPHRVLWKWDGAAIQNLPRNVMTMKW
LPQYDILKHKNVKALITHAGILSTIEAIDAGIPVVAIPLFGDQYGNAAAMQDAGMATIVHYQD
LNKEHLLGAVNEVLDAKRQQQAKLTSRLWHDRSLSPLENAIYWTEYVARYQGAPNLQPLSSQA
PLYQQLQLDVLLFVAIVVYILFYALYKILRTLCCCCCRADSGNGDDVGDTRKRKRVKFE 
>UGT46A1(JQ070267) 
MRAVPFHYILLVFIKDVLPARILGLFPHIGKSHQMAYDPLLRRLAERGHDVTAVTFFPLKDPPEHYRAVSLEGLTEIRVESINMSIYE
GHNVFLRLTGLDRIRSHISEIHPLADFALDTCSKLVSFKPLSELLRKEYDVILTENFNSDCML
GLANVYGQKAPIVYLSSCTAMYWALDRFGVTDNPSYVPLVSSIFTTPMTFLQRLENAVLNVYF
KVWFRYAIQLKEQKIIEEHFGRKIPDLQEMAKNVSLMLVNAHHSLNGVRPLIPGIVEVGGMHL
DKTRRPISQFFERFLNDSEHGVVLFSFGSLIKTSTLPKYKEDIIMKTLSQLKQRVIWKYEDSA
EEGTLVGNVLKVKWIPQYDLLQHSKIIAFVGHGGLLGMTESISAGKPMLVIPFFGDQHLNGAQ
AEKIGFGKVVSYADLSEKTFLDGLQSVLSPEMRLSARRASNIWSDRQADPLDTAVYWTERVIR
WGHRAPLHSPARDLPLHQYLLLDVAAAILVAILVLIAILRLIVVLIIRFFSGSVTAKEKLH 
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>UGT47A1(JQ070270) 
MRVAWLLWLATVARAARLLVVLPTNTKSHYAMYSRLIEALAKRDHQLTVITHFPVDAPQPNINQISLAGTIPEITNNLTRKYDSLKPN
FIRNLEQIISECVNACETVVQQDSFKELLNSTASFDLIIVEVFGSDCFLPLGHRFRAPVVGLL
SSVPLPWVNDYLGNPETASYIPSYMMGYGQHMSLWERLSNTIAIILAKILYTYKSRIPSQVIV
DRVFGHGNNLQKLAKNYSVILSNSHFSINEVRPLVPGLVEVGGLHLDHSQTLPKNMKKLLDAS
TDGVIYWSFGSMSRIETIPSEKLSGIFEAISELPQLVFVKMDRRRLTKNITVPDNVYTMDWIP
QYATLCHPNVKLFISHGGLLGTQEAVACGVPMLMVPLYADQALNSQSMFDKNVARILDLHEAD
KYEWKRALHDLLSNKKYRENSKTLKEIFLDRPINPLDMGVYWIEYVLRYRGAPHMRSPALDLS
LSQYLLFDVIIINITITIVSVFILHALFKYLCTKCIKWCPKEKIVIEKRLFKNNVTLFVCLLR
KCKVKIN 
>UGT48C1(JQ070271) 
MSYRMMFGTVLFFCAVCLCWGSRVLVVSPVPSRSHQQLTDSIVKTLLDAGHEVTYINRLTEMKRKRLKVITVRPEDGQELDVNDLIER
HHTSHKTIELGVVLAKQVIKNEKVRELLQDNQETFDTVIAEWYYTRLLAPLAAVFECPLIWYT
ACDASWMTSQLMLEQTSPVYSTDLLSSEAALPPYGFRERVMRLARQVYLSGWITYMIHYVESP
AYYELYQSVLQHRGLSPSQYERVLYKASLLLINSDPEIGQILPLPPNTKYVGGHHIELPSKAL
PQNLQDLLDNAKHGAILFSADSKILPWYVKRTLLHVFSQFDQITMWETGEQLTDIPDNVYVFK
QLPRLRILNHNNTVLLITNGGTTSLLEAAYFGVPVIGIPLYQDQFVTMDLAHARRRGIKVKFS
EHIAHKIKDSVNKILSNNSYHKNAEKVSIYLQSTLEPQRQILHWIELVIKTGGAPQLRSPALL
QLTTLQMLNIDVLLLLFMFVWFLSKVLKVIQVHWRADVLDNKKND 
>UGT50A1(JQ070272) 
MWAGTRWPIIGLPILLVASVCGSDILMITMGGTKSHKIPFWSLAGGLTRRGHNITFISAFPPDFHIAGLEEIAPEGLVSYVKSYMSWD
LVGARMRGEEPLPAFDILRYGYEACDALLKDYEMRSFLQSGRTYDLIIIDGTYPECALGITYK
MKVPFMYINTVGFYSMPLSNAGNPAPYSVTPFFGRAFTDNMGIIERAMNSAWQIGAMALHGVS
MTILQGVLRRHFGSQMPHVYDMSKNVSFILQNAHYTVSYPRPYLPNVAEIACIHCIEPKRLDP
EIEEWISGAGDTGFVYVSMGSSVKTSKMPLTAHRMLINALGRLPQRVLWKQDAVQNMTDIPSN
VKLLKWSPQQDLLGHPKIKAFITHGGLLSMFETVYHGVPIVTIPVFCDHDANAAKAEVDGYAK
KLEFQYLTSDKLHEAIQEVINNPKYRREVKYRQNLLRDQKESPLDRAVYWTEYVIRHKGAYHL
QSPAKDLTFIQYYLLDVAMLFVISALAFYALISFAIRSSFQRLAVFIQNRQMKMLFDNSTGLI
GNSLMEQKKKL 
>UGT340C1(JQ070242) 
MNIVVFSLLCVATVEPARILGVFPMPSISHQVVFRALTLELAKRGHELVVITTNPVTKGNPIANLTEIDISESYDLIKTLFELCKDMN
QLKRGVISDIETMVHSRSTEGMFFLMAHMFKNDEVKKLMHDKTQKFDLVIAEAILHTHLVFGK
IFNAPIILFSSLSGFPEVFDIMGAATRHPFIYPSIFRNKFSNLTLLEKLREIYYEYKLTSLYW
HMEQLENQMLQEMLGDGAPTVNDLKQHISMLFLNTFPIFDNNRPVPPSIVYLGALHLQPVKEL
PVDLKQYLDNSKRGVIFVSLGTNVIPALMEKDLLDAFRKAFEILPYDILWKLNGVKLENVSSN
VRIQEWFPQRDLLFHPNIKLFVTQGGLQSTDEAIDAGVPLVGIPMLGDQWYNVNKYVELGVGV
QVDSLTMKAEDLVEAVKTVLSNDRYRENIMKLKAVMYDQPQKPMDRAVWWTEHVLRHGGAKHL
TSPAANMPWTKYFMLDVLGLVLTALVAILVTAIFAIYLIHRIFKTLSKVNKLKMQ 
